Line x tester analysis was carried out in black gram [Vigna mungo (L.) Hepper], an edible legume, to estimate the gca (general combining ability) effects of parents (3 lines and 3 testers) and the SCA (specific combining ability) effects of 9 crosses for seed yield and other eleven quantitative traits. Though additive and nonadditive gene actions governed the expression of quantitative traits, the magnitude of nonadditive gene action was higher than that of additive gene action for each quantitative trait. Two parents viz. 'UG157' and 'DPU915' were good general combiners. Two crosses namely 'PDB 88-31'/'DPU 915' and 'PLU 277'/'KAU7' had high per se performance along with positive significant SCA effect for seed yield/plant. The degree of dominance revealed overdominance for all the traits except clusters/plant with partial dominance. The predictability ratio also revealed the predominant role of nonadditive gene action in the genetic control of quantitative traits. Narrow sense heritability was also low for each trait. Recurrent selection or biparental mating followed by selection which can exploit both additive and nonadditive gene actions would be of interest for yield improvement in black gram. Due to presence of high magnitude of nonadditive gene action, heterosis breeding could also be attempted to develop low cost hybrid variety using genetic male sterility system in black gram.
Introduction
Black gram [Vigna mungo (L.) Hepper] is an important pulse crop of India. It is mainly cultivated as a source of dietary protein because of its high protein content which is of about 25% in seeds (Haytowitz and Mathews, 1986) . Legumes like black gram can potentially fix about 80% of its own nitrogen needs through biological nitrogen fixation and in addition can contribute to the yield of subsequent crops (Lauren et al., 1998) . In Assam, black gram is grown in summer and rainy seasons under rainfed condition, which adversely affects its seed yield. Average productivity of black gram in the State of Assam is low (1 t/ha) which is much lower than the national average. Low productivity of black gram has led to its high market price, almost three fold of rice, which is the major cereal crop of the region.
In order to increase the productivity of black gram it is essential to develop a high yielding pureline variety by selection from the segregating generations of superior crosses involving superior parents. The development of a hybrid variety exploiting heterosis is not very feasible in Assam in view of the poor socio-economic condition of the farmers. The farmers may not be able to afford the high cost of hybrid seed every season in addition to high costs of other inputs like fertilizer, pesticides etc. required for hybrids. So the development of an improved pureline variety is more desirable than hybrid variety in black gram.
Line x tester analysis, as proposed by Kempthorne (1957) , measures the combining ability of parents to be used in hybridization and helps the crop breeder in choosing the desirable parents for hybridization program. Besides this, line x tester analysis also guides the breeder in choosing appropriate breeding method by estimating the GCA (general combining ability) and SCA (specific combining ability) variances governing the traits and by determining the components of genetic variance viz additive and dominance variances assuming epistasis being absent. The present study was undertaken to study the GCA and SCA effects and variances of some black gram parents and crosses, respectively for seed yield and other quantitative traits. Genetic parameters like narrow sense heritability and degree of dominance for seed yield and other quantitative traits were also estimated in this study.
Materials and methods
Six genetically diverse but highly adapted black gram parents (namely 'UG157' , 'PLU-277' , 'PDB88-31' , 'PU30' , 'DPU915' , 'KAU7') selected on the basis of previous screening were crossed in a line x tester mating design in rainy season. Out of these, three genotypes viz. 'UG157' , 'PLU-277' and 'PDB88-31' were used as lines and the remaining three genotypes as testers in hybridization. Nine F 1 s and six parents were planted in randomized block design with 3 replications in a 4-row plot of 5m length hav-the interaction component due to lines x testers than either due to lines or testers indicated the predominant role of nonadditive gene action (dominance) in the expression of plant height, pods/cluster, pod length and root weight/ plant. But lower magnitude of interaction component than either due to lines or testers indicated the preponderance of additive gene action in the expression of remaining eight characters, namely days to 50% flowering, days to maturity, clusters/plant, pods/plant, seeds/pod, root-shoot length ratio, seed yield/plant and harvest index (Cheralu et al., 1999) . No parent showed the best per se performance for all the quantitative traits although 'DPU915' recorded the highest seed yield/plant and harvest index, followed by the parents 'PLU227' and 'KAU7' . Comparison of the per se performance for seed yield/plant among nine crosses revealed that the cross 'PDB88-31'/'DPU915' was the best cross followed by 'UG157'/'DPU915' , 'PDB88-31' /'PU30' and 'PLU277'/'KAU7' . These crosses are likely to produce transgressive segregants for seed yield/plant in succeeding generations.
The interaction component due to lines x testers was of higher magnitude than either due to lines or testers for plant height, pods/cluster, pod length and root-weight/ plant. But the interaction component was of lower magnitude than either due to lines or testers for the remaining eight traits.
Amongst the six parents (3 lines and 3 testers), 'DPU915' showed the highest seed yield/plant and harvest index followed by 'PLU277' and 'KAU7 ' (Tab. 2) . No parent showed the best per se performance for all the quantitative traits. This could be due to differential internal adjustments between seed yield/plant and its components in different parents.
A perusal of the per se performance of nine line x tester crosses in F 1 generation for different traits showed ing 40cm x 10 cm crop geometry in the next rainy season at RARS, Nagaon, Assam. Data were recorded on ten randomly selected plants per replication for seed yield per plant and other eleven quantitative traits (Tab. 1).
Mean data were analyzed to obtain the GCA and SCA estimates following the procedure of line x tester analysis given by Kempthorne (1957) . The relative importance of GCA and SCA variances was computed as predictability ratio as suggested by Baker (1978) along with the estimation of degree of dominance and narrow sense heritability for all the traits.
Results and discussion

Analysis of variance
The analysis of variance revealed that the lines differed among themselves at p=0.01 or 0.05 for five characters namely days to 50% flowering, days to maturity, clusters/ plant, root weight/plant and harvest index (Tab. 1). The testers differed amongst themselves at p=0.01 for seven characters viz. plant height, days to 50% flowering, days to maturity, clusters per plant, seed yield/plant and harvest index. But neither the lines nor the testers differed amongst themselves for four characters namely pods/cluster, pod length, seeds/pod and root-shoot length ratio. The proportion of mean squares due to lines was greater than that due to testers for days to 50% flowering, pod length, root-shoot length ratio, root weight/plant and harvest index. But the proportion of testers' contribution was greater than that due to lines for the remaining seven characters. Therefore, the analysis of variance suggested the presence of wide variability for the respective traits among the lines and the testers.
This justified the use of these six genotypes as parents in the present line x tester analysis. Higher magnitude of that the cross 'PDB88-31'/'DPU915' had recorded the highest seed yield/plant followed by three crosses namely 'UG157'/'DPU915' , 'PDB88-31'/'PU30' and 'PLU277'/'KAU7' (Tab. 3).
GCA effects
The GCA effects of lines and testers are presented in (Tab. 4). The GCA effect is a good estimate of additive gene action (Sprague and Tatum, 1942) . Among three lines, none was the best general combiner for all the quantitative traits. But the line 'UG157' with positive GCA effect for nine quantitative traits was taken as the best general combiner in this study. It is a recommended black gram variety for cultivation in Assam. Similarly, among three testers, 'DPU915' with significant positive GCA effect for six traits was the best general combiner for clusters/plant, pods/plant, seed yield/plant and harvest index (positive GCA values for days to 50% flowering and days to maturity were not considered as these traits will increase crop duration). The per se performance of DPU was also higher than other two testers for most of the traits.
The GCA effect is a good measure of additive gene action. The study of GCA effects revealed that the line 'UG157' was the best general combiner amongst lines. The tester 'DPU915' was the best general combiner amongst testers for clusters/plant, pods/plant, seed yield/plant and harvest index. So 'DPU915' could be used as one of the parents in hybridization program in future to obtain desirable recombinant for increased seed yield.
SCA effects
The SCA effects of the nine crosses for different quantitative traits were computed (Tab. 5). The SCA effect is actually a measure of nonadditive gene action. The top ranking two crosses on the basis of per se performance, in general, exhibited positive significant SCA effect for seed yield/ plant and harvest index. The cross 'PLU277'/'KAU7' appeared to be the best amongst all the crosses for seed yield/ plant and harvest index as it showed positive significant SCA effect and high per se performance with parents being poor general combiners. But the cross 'PDB88-31' /'DPU915' showed positive significant SCA effect and high per se performance for seed yield/plant. This cross had one parent ('DPU915') having good GCA effect for seed yield/plant, clusters/plant, pods/plant and harvest index. On the other hand, the SCA effect is a good estimate of nonadditive gene action (Rojas and Sprague, 1952) . The cross 'PDB88-31'/'DPU915' was the best cross on the basis of per se performance in general. Positive significant SCA effects of this cross for seed yield/plant and harvest index could be due to the parent 'DPU915' with good GCA effect for four characters.
This indicated that additive gene action was predominant in the genetic control of seed yield/plant in this cross (Das and Das Gupta, 1999) . The cross PLU277/'KAU7' appeared as the second best cross for seed yield/plant and harvest index showing positive significant SCA effect and high per se performance. But both the parents of this cross were poor general combiners. It indicated that nonadditive gene action was predominant for these two traits in this cross. Both the top ranking crosses hold potential and could produce desirable transgressive segregants for seed yield and other quantitative traits in the subsequent segregating generations.
Genetic parameters
The magnitude of GCA and SCA variance (Tab. 6) for different quantitative traits revealed that both additive and nonadditive gene actions were important in the inheritance of seed yield and other quantitative traits in black gram. Similar results were reported by Singh and Singh (1971), Das Gupta and Das (1987) , Chakraborty and Borua (1998) , Dana and Das Gupta (2001) . The relative magnitude of two variances computed by predictability ratio as suggested by Baker (1978) revealed the predominant role of nonadditive gene action for all the traits except clusters/plant.
The degree of dominance effect was higher than unity (1.00) except for clusters/plant (0.95). The estimate of narrow sense heritability was low for all the traits and ranged from 0.83 to 11.89%. The estimate of predictability ratio for different quantitative traits revealed the predominance of nonadditive gene action except for clusters/plant. The depletion of additive gene action for the quantitative traits in black gram parents might be attributed to human selection for high yield (and consequently for other traits) over the past few centuries. Degree of dominance estimate higher than unity for all the traits except clusters/plant indicated the role of overdominance in their expression. But the degree of dominance value of 0.95 indicated partial dominance for clusters/plant. Narrow sense heritability is the proportion of additive genetic variance to total phenotypic variance. It reflects the fixable component of variance through selection leading to increased magnitude of a quantitative trait. Very low estimate of narrow sense heritability for all the traits indicated further, the predominance of nonadditive genetic variance in their expression. The per cent contributions of lines, testers and their interactions to the total variance of various quantitative traits in the black gram crosses were estimated (Tab. 7).
Conclusions
The results of the present study suggest that breeding methods such as recurrent selection or biparental mating followed by selection would be ideal to exploit both nonadditive and additive gene action for the quantitative traits in black gram. Since nonadditive gene action was predominant for most of the quantitative traits under the present study, heterosis breeding could also be used to harness it by producing and marketing hybrid varieties affordable to the resource-poor farmers of India for increasing black gram productivity. The use of genetic male sterility system will be effective in hybrid breeding program of black gram. 
